INTRODUCTION
The area in southeastern Utah described in this paper includes most of the northern part of the Colorado Plateau. The relatively simple structure of open folds and normal faults of this area contrasts strongly with the more intense folding and faulting in the Great Basin on the west and Rocky Mountains on the east. Because of the relative simplicity of its structural features, and because of the existence within it of broad expanses in which the rocks have low structural relief, there has been a natural tendency to consider the Colorado Plateau as a comparatively stable or inert area during the deformation of the adjoining regions. Although in a general way this is true, the sedimentary rocks of the plateau in southeastern Utah have 'Manuscript received, July 21, 1935 . Read before the Association at the Wichita meeting, March 13, 1935 . Published by permission of the director of the United States Geological Survey.
1 Geologist, United States Geological Survey. \
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nevertheless been deformed at several epochs in their history and are now folded into numerous anticlines and synclines that range in size from small wrinkles of slight structural relief to large folds with thousands of feet of relief and with an areal extent of hundreds or even thousands of square miles. The total structural relief in the area is nearly 15,000 feet; along certain monoclines the local relief ranges from 4,000 to 8,500 feet in distances of 3 to 10 miles and in a few places the strata are nearly vertical. Normal faults with displacements of several thousand feet are numerous, although they are concentrated in certain parts of the region. The information upon which the map is based has been obtained largely from reports of the United Stales Geological Survey recently published or now in preparation.
3 After the compilation of the map was well under way, the writer made a brief reconnaissance survey of several areas for which satisfactory structural data were not available. In addition, several oil companies and consulting geologists have furnished structure contour maps of local areas. The writer wishes to express his appreciation for information supplied by the Stanolind Oil and Gas Company, General Petroleum Corporation, Union Oil Company of California, T. S. Harrison, and E. H. Watson.
THICKNESS OF SEDIMENTARY ROCKS
Sedimentary rocks that crop out in southeastern Utah range in age from Lower Pennsylvanian to Tertiary (Fig. i) and some information about the older rocks that intervene between the Lower Pennsylvanian and the pre-Cambrian crystalline rocks is available from drill records and from outcrops in surrounding regions. The following composite » E. M. Spieker, "The Wasatch 'Plateau Coal Field, Utah," U. S. Geol. Surrey Bull. 819 (1931) . , . , -F. R. Clark, "Economic Geology of the Castlegate, Wellington, and Sunnyside Quadrangles, Utah," U. S. Geol. Survey Brill. ; pj (1928 sections in restricted areas supply a fairly definite figure of the thickness of the sedimentary rocks up to the top of the Cretaceous, which was the thickness of the sedimentary series at the time the maximum deformation occurred. A composite section from the Grand Canyon of the Colorado River in northern Arizona to the Kaiparowits region of Utah 4 includes outcropping rocks ranging in age from the pre-Cambrian to the top of the Cretaceous. The thickness of the pre-Pennsylvanian Paleozoic rocks is slightly more than 1,800 feet, post-Mississippian Paleozoic rocks nearly 2,200 feet, Triassic formations 1,200-1,600 feet, Jurassic (?), and Jurassic formations about 2,500 feet, and the Cretaceous formations about 5,000 feet. The total thickness of pre-Tertiary sedimentary rocks is about 13,000 feet.
A composite section of the sedimentary rocks from the top of the pre-Cambrian crystalline rocks to the base of the Cretaceous in the southeastern corner of Utah has the following thicknesses:
5 limestone which rests on the crystalline rocks as encountered in wells drilled on the Monument upwarp and believed to be entirely of Mississippian age, 1,200-1,700 feet; post-Mississippian Paleozoic rocks, about 3,000-4,000 feet; Triassic formations, about 1,000 feet; Jurassic (?) and Jurassic formations, about 2,000 feet. The total thickness of these pre-Cretaceous formations is about 8,000 feet and if the thickness of about 5,000 feet for the Cretaceous formations in the. Kaiparowits region is added, the total thickness of the prc-Tertiary sedimentary rocks may have been about 13,000 feet.
A composite section from the San Rafael Swell to the Book Cliffs does not include the crystalline rocks at the base, but includes all of the Cretaceous.* A well which was drilled near the crest of the San Rafael Swell was begun near the top of the Permian and was drilled to a depth of 3,035 feet without encountering crystalline rocks. The 1 L. F. Noble, "A Section of the Paleozoic Formations of the Grand Canyon at the Bass Trail," U. S. Geol. Surrey Prof. Paper 131 (1923), PI. 19. H. E. Gregory, and R. C. Moore, r 'The Kaiparowits Region," U. S. Geol. Surrey Pro}. Paper 164 (1931) . 1 A. A. Baker,"Geology of the Monument Valley-NavajoMountain Region, Utah," U. S. Geol. Survey Bull. 86; (in press) .
A. A. Baker and J. B. Reeside, Jr., "Correlation of the Permian of Southern Utah, Northern Arizona, Northwestern New Mexico, and Southwestern Colorado," Bull. Amer. Assoc. Petrol. Geol., Vol. it, No. n (November, 1920 ), pp. 1413 A. A. Baker, C. H. Dane, and J. B. Reeside, Jr., "Correlation of the Jurassic Portions of Utah, Arizona, New Mexico, and Colorado," U. S. GetH. Survey Prof. Paper iSj (in press).
• James Gilluly, "Geology and Oil and Gas Prospects of Part of the San Rafael Swell, Utah," U. S. Geol. Survey Bull. 806 (1929) , p. 129.
F. R. Clark, "Castlegate, Wellington, and Sunnyside Quadrangles, Carbon County Utah," U. S. Geol. Survey Bull. 7 yj (igjg), PI. 3. i thichncsses of the overlying Mesozoic formations are: Triassic, 1,000-1,100 feet, Jurassic (?) and Jurassic, about 3,300 feet; Cretaceous, about 7,000 feet. The total known thickness of the pre-Tertiary formations is thus about 14,000 feet, with possibly an additional 2,000-3,000 feet of Paleozoic rocks intervening between the oldest known Paleozoic rocks and the underlying surface of the crystalline rocks.
The Tertiary formations that blanketed southeastern Utah at the end of the Eocene have nearly everywhere been removed by erosion, and in the remaining remnants only partial thicknesses are preserved. An attempt to interpret the former thickness from complete sections exposed at distant localities is likely to lead to erroneous conclusions, because the Eocene sediments apparently were deposited upon a surface of considerable relief, with greater thicknesses deposited in separate basins than were deposited elsewhere. However, the thickness of the Eocene formations that crop out in adjoining regions suggests the order of magnitude of the thickness of the Eocene formations that have been eroded. In the Uinta Basin nearly 7,000 feet of sediments are included in the Eocene. 7 In the western part of the Wasatch Plateau' about 4,000 feet of the Eocene formations crop out and the upper part has been removed by erosion. In the vicinity of Bryce Canyon, Utah, near the head of the Paria River, incomplete sections of the Tertiary rocks are 1,300-1,500 feet thick. 9 The Tertiary formations of the Chuska Mountains of northeastern Arizona and northwestern New Mexico have been described by Gregory." The Tohachi shale is 200-1,100 feet thick and the overlying Chuska sandstone is 700-900 feet thick. Gregory tentatively assigned the Tohachi shale to the basal Eocene and suggested the correlation of the Chuska sandstone with the Wasatch formation, so that they probably represent only the Lower Eocene.
CONTOUR MAP
The structure contour map (Fig. 2) shows the attitude of the top of the Upper Triassic Chinle formation in southeastern Utah. The ' W. H. Bradley, "Origin and Microfossils of the Oil Shale of the Green River Formation of Colorado and Utah," U. S. Geol. Surrey Prof, Paper i6S (1931) , pp. 8-Jo.
• E. M. Spieker, "The Wasatch Plateau Coal Field, Utah," U. S. Geol. Survey Bull. Sty (1931) , p. 16.
• H. E. Gregory and R. C. Moore, "The Kaiparowits Region," U. S. Geol. Surrey Prof. Pilfer 164 (1931) , p. 115. " H. E. Gregory, "Geology of the Navajo Country," U. S. Geol. Survey Prof. Paper pj (1917), pp. 80-81 . \
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contours are not of the same degree of accuracy in all parts of the map. For a large portion of the area they have been generalized from more detailed structure contour maps; for some of it the structure is known in a general way but controlling elevations are not numerous; and in a small portion contouring is merely diagrammatic. The contours drawn on the surface rocks could not everywhere be transposed to the top of the Chinle formation with confidence. Because of incomplete information concerning the thickness of the formations underlying the Colorado Plateau, and because of the great thickness of sedimentary rocks that occur in some places between the top of the Chinle formation and the surface rocks, no attempt has been made to determine the inclinations of the axial planes of folds, and the position of the axes shown on the contoured horizon is therefore the surface position of the axes of the folds. Similarly, the contours on surface rocks have been raised or lowered vertically through the required stratigraphic interval without regard to whether the folds are of similar or parallel type; along steep monoclines this procedure may introduce considerable error. Throughout the map the consistent practice has been followed of showing the position of the faults as they cut the surface rocks and no attempt has been made to project the fault plane to the top of the Chinle formation, or to indicate whether the faults now extend to that depth or formerly cut that horizon in areas where erosion has cut below it. Obviously, this procedure introduces considerable error in the location of the nonvertical faults, if the horizon contoured is several thousand feet above or below the surface formations, but adequate information to guide the projection of the fault planes is not available and by plotting their location as they Cut the surface rocks, their relationships to each other and to the regional structure are preserved unmodified by interpretation. Essentially, therefore, the structure contour map is a representation everywhere of the surface structure, whether Paleozoic, Mesozoic, or Tertiary rocks are exposed, and is reduced to the horizon of the top of the Chinle formation as a convenient datum to bring the structure contours to numerical conformity. The isolated laccolithic intrusive masses of the Henry, Abajo, and LaSal mountains locally dome the superjacent beds, but are left uncontoured because of the absence of adequate data.
STRUCTURAL FEATURES
The genera! picture presented by the contour map reveals a few outstanding structural features. The most prominent features of the laV^^),'' ^: ; ;
:-r---: -.'^:^^^fe-^^: d In the northeastern portion of the mapped area a group of nearly parallel, sharply anticlinal flexures of smaller size, intricately faulted along their crests, forms a distinct structural subprovince in an area underlain by thick salt-bearing deposits. On the northern margin of the area the sweeping curves of the contours outline the southern edge of the Uinta Basin. The nearly symmetrical circular dome of Navajo Mountain in the southern part of the area is believed to exemplify on a smaller scale the areally restricted doming accompanying the laccolithic intrusions in the Henry, LaSal, and Abajo mountains. At the western edge of the area is a zone of faulting that has a north-northeast trend. The east edge of this fault zone forms the structural boundary between the Colorado Plateau and the folded and faulted rocks of the Great Dasin at the west. For convenience of description, the features of the geologic structure of southeastern Utah are grouped into similar types or types of related origin, as follows: (i) large anticlines and synclines with associated small folds, (2) folds and faults in the area underlain by thick salt-bearing deposits, (3) folding related to laccolithic intrusions, and (4) zone of north trending faults and associated folding in the central part of the state. .
LARGE ANTICLINES, SVNCLINES, AND ASSOCIATED SMALLER FOLDS
Several large domical uplifts are prominent features of the structural geology of the Colorado Plateau. The San Rafael Swell and the Circle Cliffs, Monument, Kaibab, and Defiance upwarps are of this type. Of these, the San Rafael Swell, Circle Cliffs, most of the Monument, and the northern part of the Kaibab upwarps are in Utah; the Defiance upwarp is in northeastern Arizona. All of these regional uplifts are elongate asymmetrical domes with a short, steep east flank and a long, gently dipping west flank. Minor folds are present on the crests and flanks of the large domes,and those in Utah, with the exception of the San Rafael Swell, have prominent structural troughs on the east.
San Rafael Swell.-The San Rafael Swell is an elongate domical upwarp about 100 miles long and 50 miles wide, extending south from Price. The axis is slightly convex toward the east, but trends about N. 30° E. The crest of the swell is rounded and has several small irregular folds. At a distance ranging from i to 5 miles east of the crest, the east flank plunges eastward with a maximum dip of 85°o r more; the steepest dips are found approximately opposite the highest part of the dome and the dips gradually flatten toward the
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ends of the fold. The zone of steep dips on the east flank ends 6-ro miles east of the axis of the swell, where the rocks in the desert south of Green River are relatively flat. The structural relief of the east flank ranges from 4,000 to 5,000 feet. The west flank, with structural relief of about 8,000 feet, has an average dip of 2° or 3° and extends 30-40 miles to the belt of normal faults at the west edge of the map. At its north end the San Rafael Swell merges with the northward dipping limb of the Uinta Dasin, but at the south end it is terminated by the northward dipping monocline forming the northeast flank of the Circle Cliffs upwarp. The Starvation Creek anticline and the Caineville anticline are subsidiary folds on the south end of the swell; they are located on the same structural axis which trends nearly at right angles to the trend of the swell and is closely parallel to the trend of the adjacent steep monocline forming the flank of the Circle Cliffs upwarp. At the north end of the swell the Woodside anticline and the faulted Farnham dome are small folds on the east and west flanks, respectively, of the regional upwarp. Several less prominent subsidiary folds are present on the west flank, especially southwest of Price along the east front of the Wasatch Plateau. Numerous normal faults with the maximum displacement less than 350 feet cut the rocks nean the crest of the swell. Most of the faults have a westerly to northwesterly trend, which is approximately transverse to the axial trend. Numerous small faults with similar trend are present in the desert south of the town of Green River lying east of the swell, but none of them is continuous across the belt of steep dips. Rocks of Permian and Lower Triassic age are the principal surface rocks at the crest of the fold and rocks of Upper Cretaceous, Jurassic, and Cretaceous age crop out on its flanks. All the formations from the Permian to the Cretaceous have an essentially concordant dip.
Circle Cliffs upwarp.-The Circle Cliffs upwarp is an elongate asymmetrical anticlinal fold about 90 miles long and 50 miles wide, whose axis extends from Colorado River near the mouth of San Juan River to Fremont River near Torrey. The upwarp is in two parts; the northern and smaller part, known as the Teasdale anticline, is offset to the northeast and is in echelon with the rest of the fold. A relatively low saddle separates the main part of the upwarp from the Teasdale anticline. The axis of the Teasdale anticline trends about N. 55° W. but the principal axis of the upwarp trends about N. 30° W. The west end of the Teasdale anticline is cut off by a normal fault with downthrow toward the west, which drops flat-lying Tertiary rocks against Jurassic (?) sandstones. The steep monocline forming the northeastern limb of the Circle Cliffs upwarp, known as the Waterpocket monocline, extends without interruption from Colorado River to Thousand Lake Mountain, where inclined Jurassic (?) sandstones are overlain by the relatively flat-lying Tertiary Wasatch formation/The maximum dip of the monocline is about 75°a nd the maximum structural relief is more than 8,500 feet in a distance of about 6 miles. The monocline ends at the axis of a syncline which parallels the trend of the monocline and lies 6-12 miles northeast of the axis of the upwarp. The southwestern limb of the Circle Cliffs upwarp near its northern end is concealed under relatively flat-lying rocks of the Wasatch formation; less than 2 miles southwest of the axis of the Teasdale anticline the Wasatch formation rests on the Jurassic (?) Navajo sandstone on the southwest side of a normal fault with downthrow toward the southwest, and the Navajo sandstone is in fault contact with the Moenkopi formation, of Lower Triassic age. South of the limit of these Tertiary rocks which cap Boulder Mountain, the southwest flank of the Circle Cliffs upwarp is about 45 miles wide with a maximum structural relief of nearly 8,000 feet. There are numerous subsidiary anticlines and synclines which modify the long southwest limb of the upwarp, and of the subsidiary folds the Escalante anticline is the most prominent. The northern end of the Escalante anticline is concealed by the Wasatch formation and Tertiary volcanic rocks and south of the limit of Tertiary rocks it plunges southward for about 15 miles to merge with the regional southwesterly dip. The Escalante anticline is an asymmetric fold with a steep west flank and a gently dipping east flank; the rocks on the west flank have a maximum dip of 35° or more and structural relief of about 2,000 feet in a distance of about ij miles. It is noteworthy as the most prominent of the few anticlines in southeastern Utah which have west flanks dipping more steeply than their east flanks.
The surface rocks at the crest of the Circle Cliffs upwarp are Permian and Lower Triassic in age and a structurally conformable sequence of progressively younger rocks, including rocks of Upper Cretaceous age, crops out on the flanks of the fold. Relatively flatlying Tertiary rocks bevel rocks ranging in age from Jurassic (?) to Upper Cretaceous at the north end of the fold.
Monument upwarp.-The Monument upwarp trends nearly south from near the junction of Green and Colorado rivers and extends about 15 miles beyond the Utah State line into northern Arizona. It is about 125 miles long and has a maximum width of about 75 miles. The axis of the upwarp is not everywhere a single well defined axis; at the highest part of the fold, west of the Abajo Mountains, there are several separate small domes crudely grouped along two more or less parallel axes trending approximately parallel to the general axis of uplift; near the southern end where the upwarp is crossed by the San Juan River it has two well defined axes, one at the crest of the Halgailo anticline and one at the crest of the East (Raplee) anticline, both trending parallel to the regional trend of the uplift. The East anticline, like the Escalante anticline on the Circle Cliffs upwarp, is another conspicuous example of an asymmetric anticline in southeastern Utah, with a steep west flank. There are other subsidiary folds near the crest of the upwarp, including the Beef Basin dome near the north end and the Gypsum Creek anticline in Arizona at the south end. At its north end the upwarp plunges northward and disappears a few miles north of the junction of Green and Colorado rivers. The south end of the Monument upwarp merges with the Tusayan downwarp in northeastern Arizona." Comb monocline, which forms the east flank of the Monument upwarp, is the same type of structural element as the Waterpocket monocline and the monocline forming the east flank of the San Rafael Swell. It is a short steep monocline with a maximum dip of 75°-8o° and structural relief of as much as 4,000 feel in 2 miles. At the foot of the monocline the dip flattens abruptly and the monocline is bounded on the east by a broad shallow syncline, except on the west flank of the Abajo Mountains, where the arching of the sedimentary rocks over the laccolithic intrusive rocks of the mountains causes an abrupt rise toward the east from the foot of the monocline. Toward the south in Arizona the monocline swings in a great arc convex toward the south and with gradually decreasing dip and merges with the regional dip near Kayenta, Arizona, 'about 15 miles south of the Stale line. The long west flank of the Monument upwarp extends to the synclinal axis at the foot of the Waterpocket monocline and has a maximum structural relief of more than 10,000 feet. It has a fairly regular westerly dip of a few degrees except where the strata are arched over the laccoliths of the Henry Mountains, and in a belt of country lying mostly south of San Juan River, where subsidiary folding has occurred. West of the Halgailo anticline in the country south of San Juan River the rocks are arched in the Organ Rock anticline and the Balanced Rock anticline. Both of these folds are similar to the large regional upwarps, in that they have a northerly trend and are asymmetric, with gently dipping west limbs and steeply dipping east limbs. The east limb of the Organ Rock anticline rises about 1,000 feet in i mile near the State line and the east limb of the Balanced Rock anticline rises about 1,000 feet in J mile near San Juan River. Both of these anticlines die out a few miles north of the river.
A few small normal faults are present on the Monument upwarp and trend more or less at right angles to the strike of the rocks.
The oldest rocks exposed on the upwarp are of Pennsylvanian age and they crop out only in the canyons of the San Juan and Colorado rivers. Rocks of Permian and Triassic age crop out extensively on the crest of the fold and progressively younger rocks with concordant dip up to and including the Upper Cretaceous crop out on the flanks.
Kaibab upwarp.-The Kaibab upwarp is a large asymmetrical upwarp about 150 miles long, extending from south of the Grand Canyon, Arizona, into southern Utah; only the northern third is in Utah. The axis of the upwarp forms a great arc convex toward the west, trending about N. 15° W. near its southern end and about N. 15°E
. at its northern end. From a high point on the Kaibab Plateau a few miles north of the Grand Canyon, Arizona, the crest of the upwarp plunges northward and southward. The upwarp has relatively low relief at its north end, where it is cut off by the Paunsaugunt fault; folding in the older rocks northwest of the fault is concealed by downfaulted, relatively flat-lying Wasatch and Tertiary volcanic rocks. The plunging south end of the upwarp flattens and loses its identity about 30 miles south of the Grand Canyon.
12 There is a small subsidiary fold (Butler Valley dome) near the crest at the northern end of the Kaibab upwarp. The east limb of the upwarp is the steep limb of the asymmetric fold and is known as the East Kaibab monocline. Plunging abruptly from near the axis of the upwarp, the monocline dips eastward with a maximum dip of about 65°. At the foot of the monocline the dip also changes abruptly to the nearly flatlying beds of the Kaiparowits downwarp in the northern part, and farther south to the gently northward dipping structural platform which extends to the top of the Echo monocline. The steeply dipping east limb of the upwarp is 2-3 miles wide and has a structural relief along the steeper part of the monocline ranging from 3,000 to more than 5,000 feet. Incomplete information is available concerning the west limb of the upwarp. At its northern end it is cut off by the Paunsaugunt fault, less than 20 miles west of the crest, but farther south it extends with a gentle dip 30-50 miles to the Sevier fault, which is west of the boundary of the map, and still farther south in The surface rocks at the crest of much of the Kaibab upwarp are of Permian age, but older Paleozoic rocks crop out in some canyons, and rocks of pre-Cambrian age crop out in the Grand Canyon. A structurally conformable scries of post-Permian rocks ranging in age up to and including the Upper Cretaceous crops out on the flanks of the upwarp, and relatively flat-lying rocks of Tertiary age overlie the Cretaceous rocks with angular discordance.
Echo monocline.-The Echo monocline is an eastward dipping monocline that passes through Lee's Ferry, Arizona, and is more or less parallel to and 15-20 miles east of the East Kaibab monocline. The monocline is about go miles long, but extends only about 20 miles north of the Arizona-Utah State line. The portion of the monocline in Utah has a maximum dip of about 30" and a maximum structural relief of about 1,500 feel. The belt of sleep dips is less than 2 miles wide and at both the top and base of the monocline the dip changes abruptly to a genlle north dip. Surface rocks of Triassic to Upper Cretaceous age are involved in the folding.
Folding in southeastern corner 'of Utah.-Between the Comb monocline on the east side of the Monument upwarp and the UtahColorado State line lies a strip of the state 30 miles or more in width in which the surface rocks are, for the most part, in the Morrisorr and Dakota (?) formations. The surface rocks are steeply upturned around the Abajo Mountains and are arched in a sharp fold to form the Boundary Butte anticline at the Utah-Arizona State line, but elsewhere they have a very gentle dip on broad low anticlines and shallow synclines. The geologic structure of the Abajo Mountains is discussed elsewhere in this paper in connection with the discussion of the laccolithic mountains of southeastern Utah. The axis of the Boundary Butte anticline trends about N. 65° \V., but at the northwest end of the anticline the axis swings nearly due north. The west and southwest flank of the part of the fold in Utah has a maximum dip of 12° or more, but the belt of steep dips does not exceed a mile in width, as there is a rapid change in dip toward the syncline which 11 N. II. Darton, op. cil.
separates the Boundary Butte anticline from the Comb monocline. The northeast flank of the anticline dips gently toward the axis of a shallow syncline that follows approximately the course of San Juan River near the southeast corner of the State. The Navajo sandstone and possibly the underlying Kayenta formation are the surface rocks at the crest of the Boundary Bulte anticline. The syncline separating the Boundary Butte anticline from the Comb monocline deepens toward the northeast and merges with a large shallow structural basin whose axis is about 8 miles north of San Juan River and trends N. 80" W. North of the axis of the shallow structural basin the rocks rise northeastward 1,600 feet in about 30 miles, to the crest of a very low dome, east of the Abajo Mountains; the Dakota (?) sandstone forms a dip slope along most of this belt of southwestward dipping rocks.
A shallow syncline about 4 miles northeast of the axis of the dome separates it from the southwest limb of the Lisbon anticline. Uinta Basin.-The Uinta Basin is a regional downwarp occupying i large part of northeastern Utah. Its approximate boundaries are the Book Cliffs on the south, the Utah-Colorado State line on the cast, the Uinta Mountains on the north, and the Wasatch Range on the west. The basin is about 125 miles wide east and west, and about no miles wide north and south, but only the sinuous southern edge is shown on the map (Fig. 2) . It extends westward from Colorado River at the Utah-Colorado State line in a great arc convex toward the south. In the vicinity of Green River the trend of the basinward dipping rocks swings northward along the east flank of the San Rafael Swell; the trend continues northward for about 40 miles and then swings due west to the limits of the map a few miles northwest of Price. The maximum dip of the basinward dipping rocks is about 12°, although the average dip is less than 8°. A number of minor folds modify the regional monoclinal dip, particularly near the UtahColorado State line. Most of these minor folds have a northwest trend and the limbs of the folds dip more or less at right angles to the regional monoclinal dip.
Rocks of Upper Cretaceous age crop out in the Book Cliffs escarpment along the southern rim of the Uinta Basin, hut a few miles back of the rim the Cretaceous rocks are unconformably overlain by the Wasatch formation of Eocene age. The center of the basin is underlain by the Green River formation and other younger Tertiary formations. Parts of southeastern Utah and southwestern Colorado are underlain by the Paradox formation, a thick series of salt-bearing beds of early Fcnnsylvanian age. Although the rocks included in this formation crop out at numerous localities and have been recorded in the literature since 1875,"' all of the outcrops are isolated and are accompanied by faulting and steep tilting of adjacent strata, so that slraligraphic relations are obscure. It was not until many wells had been drilled in exploration for oil and gas and until much of the region had been covered by detailed geologic work, that it became apparent that a thick series of salt-bearing beds underlies a large area and that the outlines of the basin of deposition could be drawn." The basin has an oval shape, with its long axis extending 150 miles or more southeastward from the vicinity of the town of Green River, Utah, into Colorado near the southwest corner of the state; the short axis is approximately 80 miles long and extends from near the mouth of the Fremont River in Utah to the west side of the Uncompahgre Plateau in western Colorado (Fig. 3) .
Within the limits of the basin as thus outlined the structure of the surface rocks has many features that are not found elsewhere in Utah. Superimposed upon the larger structural features, such as the Uinla Basin on the north, and the Monument upwarp on the southwest, is a system of faults and folds with a northwest trend and numerous small folds and faults with different trends.
The most striking structural features in (his pa,rl of Utah arc the northwestward trending Lisbon, Moab-Spanish Valley, and Salt Valley faulted folds. The Moab-Spanish Valley and the Salt Valley faulted folds are offset successively toward the northeast from the Lisbon faulted fold in en fc/ichn arrangement. However, a zone of faulting continues northwestward from the end of the Moab-Spanish Valley fold more or less parallel to the Salt Valley anticline. At the southeastern end of Salt Valley the trend of the faulted belt swings eastward and continues with some interruption nearly to the UtahColorado State line.
The Lisbon faulted fold trends about N. 50° W. and is about 20 miles long. It is an elongate uplift rising abruptly from the nearly flat lying beds on the southwest;'its southwest flank has a maximum " A. C. Peale, "Geological Report on the Grand River District," U. S. Geol. and Gcog. Surrey Terr. Ninth Ann. Reft. (1875) , pp. 71-77. " A. A. Baker, C. H. Dane, and J. B. Reeside, Jr., "Paradox Formation of Eastern Utah and Western Colorado," Bull. Amer. Assoc. I'rtrol. Geol., Vol. 17, No. 8 (August, 1933) . PP-9<i3-8o. structural relief of about 4,000 feet in a distance of about 6 miles. A normal fault with downthrow toward the northeast and displacement of more than 3,000 feet follows, approximately, the crest of the anticline. Northeast of the fault the northeast flank of the anticline extends about 3 miles to the axis of an adjoining syncline and has structural relief of about 1,500 feet. The axial fault extends several miles beyond the ends of the fold. The surface rocks at the crest of the fold are in the Hcrmosa formation, of Pcnnsylvanian age, but northeast of the axial fault the surface rocks are in the Morrison formation, of Upper Jurassic age. The Paradox formation docs not crop out on the Lisbon anticline, but was encountered at a depth of about i,600 feet in a well drilled near the crest of the fold by the Union Oil Company of California. The long valley extending about S. 45° E. from Colorado River at Moab includes Moab and Spanish valleys. Along both sides of the valley are belts of normal faults and the downthrow of most of them is toward the valley; the fault zones are made up of a number of short faults, all having approximately the same trend. The maximum throw of an individual fault is 500 feet and the displacements of the others are 300 feet or less. At many places, especially on the southwest side of the valley, the strata in the fault zones and on the valleyward side of the fault zones have a dip as high as 30° or 40° toward the valley. At Moab, near the northwest end of the valley, the general structure is that of an aoticlinc with faulted flanks; the southwest flank of the anticline is cut by several normal faults which have an aggregate downthrow toward the valley of several hundred feet, but on the northeast flank the faults are small and do not all have downthrow in the same direction, s» that the net aggregate displacement is not large. Five or six miles southeast of Moab the structure of Spanish Valley is a faulted syncline with a gently dipping slightly •faulted northeast limb and a steeply dipping southwest limb which is cut by several normal faults. Near the southeast end of the valley, where it is terminated by the LaSal Mountains, the structure is that of a graben cutting more or less uniformly southward dipping rocks. Zones of small normal faults limit the graben. Within it the rocks are folded into a syncline wilh,steeply dipping limbs that are terminated at the fault zones. Gyps'ferous beds of the Paradox formation crop out in Moab Valley, where they have been intruded into overlying formations and are in contact with rocks as young as the Chinle formation, of Upper Triassic age. Elsewhere the surface rocks in the floor and walls of the valley range in age from Pcnnsylvanian to Upper Cretaceous.
The fault zone on the northeast side of Moab Valley terminates near Colorado River, but the fault zone on the southwest side continues northwestward 45 miles or more. For a distance of about 10 miles northwest of Colorado River this fault zone has the same trend as the valley and consists of a single fault with a maximum downthrow toward the northeast of about 2,600 feet, but farther northwest the trend of the fault zone swings to about N. 70° W. and it consists of numerous small faults which in part limit down-dropped blocks or grabcns. At the locality of maximum displacement there is a sharp domical uplift southwest of the fault with structural relief on the southwest flank of 1,400 feet in about two miles; the fault follows the crest of the fold and cuts off the northeast flank. The character of this fold is similar to that of the Lisbon anticline.
The Salt Valley faulted fold is in part similar to the MoabSpanish Valley faulted fold. The Salt Valley fold is an anticline trending about N. 50° W. Parallel more or less continuous fault zones follow each limb of the fold near the crest. The fault zones consist in most places of a great number of sub-parallel short faults in part trending at an angle with the anticlinal axis, and locally the zones merge to form one broad belt of faulting occupying the whole crest of the fold. It is possible that faulting at the crest of the anticline between the limiting fault zones is more prevalent than indicated on the map, as the center of the valley is largely covered by alluvium and faults, if present, could not be observed. The southwest flank of the anticline has a structural relief of about 2,500 feet in a distance of about 4 miles between the fault zone at the crest and the axis of the Courthouse syncline, which is approximately parallel to the Salt Valley anticline and adjoins it on the southwest. The dip of the northeast flank of the anticline is in general less steep than the dip on the southwest flank, but dips at the rate of 1,000-2,500 feet in 3 miles. At the southeast end of Salt Valley the trend of the zone of faulting and folding swings nearly due east and is more or less continuous nearly to the Utah-Colorado State line. East of the end of Salt Valley the disturbed belt is not a relatively simple faulted anticline, but consists of several small sharply folded domes and basins which are cut by numerous fSiults that are parallel to the general trend of the belt, but do not form continuous fault zones. At the northwest end of Salt Valley a series of small faults forms a zone of faulting that extends for a distance of 25 miles, with a westerly trend more or less parallel with, and 4 miles or more north of, the zone of faulting that forms a continuation of the Moab-Spanish Valley faulted fold. \
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The Paradox formation crops out at several places in Salt Valley and in the part of the fault zone lying east of Colorado River. The plastic salt-bearing beds of the Paradox formation have been intruded into the overlying formations in the form of plugs or elongate masses and are in contact with beds as young as Upper Triassic.
Elsewhere in southeastern Utah the Paradox formation crops out only in Castle Creek Valley about 12 miles northeast of Moab and in the canyon of Colorado River below its junction with Green River. Castle Creek Valley follows the crest of an anticline which trends about N. 55° W. and plunges northwestward on the north flank of the LaSal Mountains. A plug of igneous rock crops out in the southcast end of the valley. The Paradox formation crops out, though poorly exposed, in an aureole surrounding the plug of igneous rock and also in .a narrow strip along the edge of the alluvium on the southwest side of the valley. Along Colorado River below the mouth of Green River three small domelike masses of gypsum crop out in the bottom of the canyon, and a fourth outcrop is reported in a side canyon.
17 At these outcrops the relatively plastic rocks of the Paradox formation have been forced upward, causing an arching and rupturing of the overlying Hermosa formation. In the vicinity of the junction of the Green and Colorado rivers and for several miles upstream and downstream along Colorado River the rocks in the lower canyon walls dip away from the rivers with dips of as much as 30°. This fold that follows the bed of the canyon is known as the Meander anticline; it clearly indicates an upward thrust from the underlying mass of plastic salt-bearing beds where the strength of the overlying rocks had been weakened by the cutting of the canyon. The arching of the rocks in the Meander anlicline'is not shown on the structure contour map. On both sides of Colorado River just below the mouth of Green River the rocks on the plateau near the canyon rim are broken by several faults, with a maximum displacement of a few hundred feet. The faults are more or less parallel with the river and with each other and bound grabens which have an average width of about 500 feet. The grabens on the east side of the river are located in a shallow syncline. On that side of the river it is also clearly evident that the grabens have formed very recently in geologic time, as numerous former drainage channels have been interrupted by the downdropped block in the graben. The relation of the structural features to the canyon and the evidence of recent faulting clearly indicate that these features are related to recent plastic flowage of the salt-bearing rocks 17 Sidney Paige, oral communication.
and to movement of this material from areas adjoining the river into domes and arches along the river.
There are several small domical folds and structural depressions along Colorado River or within a few miles of the river between Moab and the mouth of Green River. The majority of them trend about N. 50° W., in conformity with the dominant trend of faults and folds in this part of the state, but some of them have a more westerly trend and some are roughly circular in outline. Two of the folds may be mentioned specifically, as they are of somewhat unusual types.
The Lockhart syncline, which centers in the upper part of Lockhart Canyon, about 5 miles east of the river, is a small, roughly circular structural basin. The closed part of the basin is approximately i\ miles in diameter and more than 700 feet deep. The Upheaval dome is located about 18 miles north of the junction of Green and Colorado rivers and about 10 miles west of Colorado River. It consists of a ringlike syncline surrounding a central dome. The composite structure is circular in shape and approximately 3 miles in diameter. The axis of the ringlike syncline is depressed about 400 feet and the peak of the central dome rises about 1,700 feet above the axis of the syncline. The rocks in the area surrounding this structural feature are essentially horizontal.
In the region between Green and Fremont rivers are numerous small normal faults, most of which trend about N. 50" W. The displacement on most of the faults is 100 feet or less and the downthrown side is toward the southwest on some of the faults and toward the northeast on others. Where the faults are closely spaced they commonly limit horsts or grabens.
FOLDS RELATED TO LACCOLITHIC INTRUSIONS
A laccolith (laccolite), as defined by Gilbert" in his report on the Henry Mountains, is a body of igneous rock that has "insinuated itself between two strata, and opened for itself a chamber by lifting all the superior beds." It is clear from this definition that the arching of strata due to the intrusion of laccoliths is confined to the strata overlying the laccolith and that the strata underlying the laccolith are practically undisturbed.
The Henry Mountains, the type locality of laccoliths, are located in southeastern Utah. The neighboring LaSal and Abajo mountains are also of laccolithic origin. Navajo Mountain dome, located near the Utah-Arizona State line, south of the mouth of San Juan River, 
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'493 is a nearly symmetrical circular dome with a diameter of 7 or 8 miles and structural relief of about 2,000 feet. Although there are no exposures of igneous rock in Navajo Mountain, there is little doubt that it represents the intrusion of a single laccolith. The other mountains are composed of more than one laccolith and the composite arching over the several laccoliths produces a complicated system of folding. However, no structure contour maps depicting the folding in the Henry, LaSal, or Abajo mountains are available and the areas . covered by the mountains are blank on the map (Fig. 2) . At the foot of the laccolithic mountains the strata dip 30° or more, but the clip flattens abruptly outward and merges with the regional clip of the rocks.
ZONE OF NORTH-TRENDING FAULTS AND ASSOCIATED FOLDS IN CENTRAL PART OF STATE
At the western edge of the map (Fig. 2) is a zone of faulting tha has a north-northeast trend through the central part of Utah. The east edge of this fault zone forms the boundary between the relatively flat-lying unfaulted rocks of the Colorado Plateau and the folded and faulted rocks of the Great Basin on the west. Incomplete information is available concerning faulting in this zone and the faults are not all shown on the map; also some of the faults are not shown throughout their full extent. The faults have more or less of an echelon arrangement, with the faults toward the north lying farther east. All of the faults are of the normal type and are vertical or nearly vertical. Toward the south the fault zone consists of single faults with displacements which locally exceed 1,500 feet, down toward the west. Farther north the fault zone is more complex and consists of numerous faults with more or less parallel trends." The downthrown sides of the faults are not all in the same direction and in general the zone is a series of grabens, although there is much subsidiary faulting within some of the downdropped blocks. The displacements along the graben faults are as much as 2,500 feet. Tertiary formations are involved in the faulting and in many places where older rocks are faulted against Tertiary volcanics it is impossible to determine the amount of the displacement.
Along the southern part of the fault zone the regional structure of the Plateau Province abuts against the faults with very little modification. Toward the north, however, the rocks are folded into many small, more or less faulted anticlines, synclines, and monoclines in areas adjacent to and within the fault zone. The regional northwest dip of the northwest flank of the San Rafael Swell merges with this belt of folding and is not clearly defined in the Wasatch Plateau.
PERIODS OF DEFORMATION
Folding and regional warping have occurred many times during the geologic history of southeastern Utah. The most important known periods of crustal movement occurred during the early Pennsylvanian, near the close of the Cretaceous, and during one or more periods in the Tertiary. Little is known of the structural deformation prior to the Carboniferous because of the lack of information concerning rocks of early Paleozoic age in the Plateau region.
Although rocks of Mississippian age do not crop out in the Plateau region, rocks equivalent to the Madison limestone, of early Mississippian age, crop out in northern Arizona, 20 western Colorado," and northern and western Utah, 22 and it is assumed that they were deposited across the intervening plateau region of southeastern Utah. The presence of Mississippian limestone beneath Salt Valley is suggested by the presence there of outcrops of a conglomerate with large boulders of limestone and chert which contain fossils of probable Mississippian age, and Mississippian limestone is believed to be present elsewhere in southeastern Utah where wells have been drilled into a thick series of limestone that apparently is older than the Pennsylvanian Hermosa formation. The available evidence does not clearly indicate what part of the Mississippian is represented by this limestone, but possibly it is equivalent to the Madison limestone, as post-Madison Mississippian rocks are present in the surrounding region only in northwestern Utah. The earliest Pennsylvanian of southwestern Colorado, the Molas formation, with which the conglomerate that crops out in Salt Valley is tentatively correlated, reflects by its conglomeratic character the occurrence of a period of erosion during which fossiliferous Lower Mississippian chert boulders were formed and incorporated in the earliest Pennsylvanian sediments. It therefore seems probable that southeastern Utah was above sea-level and exposed to erosion during the later Mississippian. 
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The first important folding in the decipherable history of the region either accompanied the elevation of the land above sea-level or occurred shortly afterward, near the close of the Mississippian or early in the Pennsylvanian. The elevation of the ancient land mass in western Colorado variously known as the San Luis Mountains, Uncompahgre-Sangre de Cristo element, and Uncompahgre-San Luis highland, began during this period of deformation. The lithology, thickness, and distribution'of the Pennsylvanian and Permian sediments adjacent tojthis highland shows that the deformation was in progress during the early Pennsylvanian and continued at least to the close of the Carboniferous. 23 West of the highland, in what is now the Colorado Plateau province, the salt-bearing sediments of the lower Pennsylvanian Paradox formation accumulated in a structural trough adjacent to the highland 24 and were succeeded by the Hermosa formation, also of Pennsylvanian age, which, near the old highland, consists of coarse conglomerates and other elastics interbedded with marine limestones, the assemblage suggesting rapid deposition in a subsiding trough. The Hermosa wedges out westward by overlap upon the Mississippian sediments, which had been arched in a broad, low anticline the crest of which apparently was located near the Grand Canyon, Arizona, where locally all rocks of Pennsylvanian age are absent and the Permian Supai formation rests upon the Redwall limestone, of Mississippian age. ' This relationship indicates that an uplift may have occurred at this locality during the early Pennsylvanian deformation and that it was of such size and elevation that it was not submerged by the Pennsylvanian sea; the erosion of this land area stripped the cover of sedimentary rocks from the crystalline . rocks, and it was not until the Permian that the crystalline rocks were again covered by sediments. Although it seems probable that 149°A . A. BAKER this uplift near Fort Defiance occurred during |the early Pennsylvanian deformation, it is possible that it occurred during some earlier period of deformation and that a land area was present at this locality during Mississippian time.
During the deposition of most of the Pennsylvanian and Permian sediments, southeastern Utah was a relatively stable region. There was some oscillation of the land with respect to sea-level, as both marine and continental sediments were deposited during the Permian.
Near the close of the Permian some low folds were formed near Moab," as shown by angular discordance between the Permian Culler formation and the overlying Lower Triassic Moenkopi formation and by thinning of the Cutler formation at the crests of anticlines. Angular discordance between the Lower Triassic Moenkopi formation and the Permian Cutler formation on the southwest flank of the Uncompahgre Plateau shows that uplift of the ancient land mass in western Colorado was still in progress at the end of the Permian." An erbsional unconformity with slight relief has been recognized at the top of the Permian at many Iocalitie.5 in the Plateau region and the Plateau region as a whole was marked, therefore, by only a slight almost uniform elevation of the land with respect to sea-level, followed by a widespread lowering of the land and partial submergence by the Lower Triassic Moenkopi sea.
In 
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Uncompahgre Plateau," showing that there was further uplift and erosion of the plateau before the Chinle formation was deposited.
A long period in which continental conditions prevailed followed the deposition of the Moenkopi formation. During this period there seems to have been nearly continuous deposition of 1,500-2,500 feet of sediments included in the Upper (?) Triassic Shinarump conglomerate, Upper Triassic Chinle formation, and Jurassic (?) Wingate sandstone, Kayenta formation, and Navajo sandstone. Southeastern Utah was a relatively stable region and the highland in western Colorado, which had been rising more or less intermittently since the late Mississippian or early Pennsylvanian and had been a source of sediments since that time, also remained relatively stable; the highland was buried by the Chinle formation during the Upper Triassic. Continental conditions were terminated at the end of Navajo time by the incursion of the southward advancing Upper Jurassic sea in which the Carmel formation was deposited. Because a thickness of 1,500-2,500 feet of continental sediments had been deposited across the region between the invasions of the Moenkopi and Carmel seas, there was a regional subsidence of that amount, either coincident with the deposition of the sediments or at the close of Navajo time, so that the land surface was at or near sea-level at the beginning of Carmel time. This subsidence may have been accompanied by a gentle westward tilting of the region, because a greater thickness of continental sediments and of the Carmel formation was deposited in southwestern Utah than in the eastern part of the State; the tilting may have resulted in slight uplift in western Colorado.
The partial withdrawal of the Carmel sea was followed apparently without lapse of time by the deposition of the continental and possibly in part marine sands of the Entrada sandstone. The land was again submerged by another advance of the Upper Jurassic sea in which the Curtis and possibly the Summerville formations were deposited. The overlying Morrison formation, deposited under continental conditions, is the uppermost Jurassic formation in the region. The alternating marine and continental sediments of the Upper Jurassic indicate that the land surface oscillated with respect to sea-level. Angular discordance has been observed at the top of the Entrada sandstone" and at the top of the Summerville formation,* 3 but it has " C. H. Dane, op. cil.
" James Gilluly, "Geology and Oil and Gas Prospects of Part of the San Rafael Swell, Utah," U. S. Geol. Survey Bull. 806 (1929) Southeastern Utah was a land area during the Lower Cretaceous and received practically no sediments, but the region was submerged by the westward advancing Mancos sea in the Upper Cretaceous. The strand line of the Mancos sea was constantly shifting and continental coal-bearing sediments were deposited in the west contemporaneously with marine shale in the east. The net result of successive advances and recessions of the sea was an eastward migration of the strand line until the continental sediments covered southeastern Utah. A period of erosion began near the Wasatch Plateau as terrestrial deposits of the Price River formation accumulated in basins on the east.* 4
The most important period of crustal deformation in the legible structural history of southeastern Utah occurred at-or near the end of the Cretaceous, contemporaneous with the great mountain-building movements in the Rocky Mountains. The huge regional folds such as the San Rafael Swell, Circle Cliffs, Kaibab, and Monument upwarps, and probably most of the smaller folds shown on the map, were formed during this period of folding. Although rocks of Tertiary age have been removed by erosion from most of the region, the relation of the remnants of Tertiary rocks to the underlying formations clearly indicates the date of the deformation. Throughout the region, except in the Uinta Basin, the Upper Cretaceous formations, where present, are involved in the folding, but the Eocene Wasatch formation rests on an eroded surface of the folded older formations, bevelling rocks as old as Jurassic. Spieker and Reeside' 5 mention an angular discordance at the base of the Wasatch formation in the Wasatch Plateau; at Thousand Lake and Boulder mountains, rocks assigned to the Wasatch formation rest upon the Navajo sandstone (Jurassic ?); concerning the folds in the Kaiparowits region, Gregory and Moore" state: "The monoclinal folds affect all the rocks from the uppermost Cretaceous downward but do not involve the Tertiary"; and on both flanks of the De Chelly upwarp in northeastern Arizona Rafael Swell, Emery, Wayne, and Gatfield Counties, Utah," U. S. Geol. Surrey Bull. (in preparation) .
" E. M. Spieker and J. B. Reeside, Jr., "Cretaceous and Tertiary Formations of the Wasatch Plateau, Utah," Bull. Geol. Sue. America, Vol. 36 (1925) relatively flat-lying Eocene (?) rocks rest upon inclined older rocks."
The Tertiary structural history of southeastern Utah can not be satisfactorily interpreted, because of the absence of rocks younger than the Eocene and because the Eocene rocks have been eroded from most of the region. The fragmentary evidence shows that regional crustal movement and local deformation associated with the intrusion of igneous rocks occurred during this period.
The Lower Eocene Wasatch formation and the Middle Eocene Green River formation were involved in the subsidence of the Uinta Basin, as shown by the basinward dipping strata along the Book Cliffs, which are on the south limb of the basin. Bradley* 8 describes the occurrence of the Middle Eocene Bridger formation and the Upper Eocene Uinta formation in the center of the Uinta Basin, and concerning the age of the folding he states:
The Uinta formation, of upper Eocene age, comprising the youngest rocks of the basin, took part in the major deformation, which is therefore post-Eocene. It may perhaps have been later than early Miocene and coincident with a partial collapse of the east end of the Uinta Mountain arch, which faulted and in places strongly flexed beds of the Browns Park formation.
The age of the Browns Park formation has been determined to be Upper Miocene or Lower Pliocene."
Another important event in the Tertiary structural history of the region was the intrusion of igneous rocks, forming laccoliths that arched the overlying strata. The Henry, Abajo, and LaSal mountains and Navajo Mountain are of this type. Gilbert 40 described the laccoliths of the Henry Mountains and made an approximate calculation of the depth of cover at the trme of intrusion, from which he concluded that: What evidence we have, then, indicates that the epoch of laccolithic intrusion was after the accumulation of deep Tertiary deposits and before the subsequent degradation had made great progress-that it was at or near the close of the epoch of local Tertiary sedimentation.
No thick deposits of Tertiary rocks younger than Eocene are known in the Plateau region, so that it seems probable that "the 17 II. E. Gregory, "The Navajo Country," U. S. Geol. Surrey Prof. Paper pj (1917), pp. ill-it. " W. H. Bradley, "Origin and Microfossils of the Oil Shale of the Green River Formation of Colorado and Utah," U. S. Geol. Surrey Prof. Paper 168 (1931 ), p. 6. " O. A. Peterson, "The Browns Park Formation," Carnegie Mus. Mem., Vol. 11, No. 3 (1928 , p. 88. 41 G. K. Gilbert, "Geology of the Henry Mountains," U. S. Geog. and Grol. Surrey Rocky Mountain Region (1877), p. 94. close of the epoch of local Tertiary sedimentation" was near the end of the Eocene.
Numerous normal faults cut rocks of Eocene age at the western edge of the Plateau province, thus definitely placing their age as Tertiary, but their exact age in the Tertiary is unknown. Button 41 described these faults and concluded, principally from physiographic evidence, that the faulting was of Pliocene age or younger. Spieker and Reeside 42 suggest that the faults originated in the late stages of a great uplift of the region which probably took place in late Tertiary time.
A minor but very recent event in the structural history of the region is the development of normal faults and grabens along Colorado River near its junction with Green River. The poorly developed drainage through the area of graben faulting and well defined old drainage channels cut off by the faults shows that the faulting occurred after the surface had been eroded to essentially its present position. A recent fault which cuts a caliche-capped surface has been recognized near Salt Valley, 43 which suggests that similar recent smallscale faulting may be more widespread in the region than has been recognized.
ORIGIN OF STRUCTURE
As pointed out in the descriptions of the different structural features and in the discussion 1 of the periods of deformation, the geologic structure of southeastern Utah presents many different types of structure that have been formed at different times and under different conditions of deformation. Most of the larger structural features were formed during the Laramide orogeny at the close of the Cretaceous; earlier crustal movements appear to have been, for the most part, of epeirogenic type which had little influence on the structural features formed during subsequent crustal movements. The Uncompahgre highland and some of the smaller folds near Moab are exceptions to this general statement, as they were already in existence and were either accentuated by the Laramide deformation or exerted an influence on the localization and habit of the Laramide folds. It is possible also that the warping near the end of the Mississippian, which resulted in the formation of the structural basin in 41 C. E. Dutton, "Geology of the High Plateaus of Utah," V. S. Geog. and Geol. Survey Rocky Mountain Region (1880), p. 43 . " E. M. Spieker and J. B. Reeside, Jr., "Cretaceous and Tertiary Formations of the Wasatch Plateau, Utah," Ball. Geol. Soc. America, Vol. 36 (1925), p. 453. " C. II. Dane, "Geology of the Salt Valley Anticline and Adjacent Areas, Grand County, Utah," U. S. Grol. Survey Bull. 863 (in press). which the Paradox formation was deposited, may have exerted some control in localizing the subsequently formed regional upwarps, but this possible effect can not be evaluated, because so little information concerning this early folding is available.
DEFORMATION AT CLOSE OF CRETACEOUS
The most prominent structural features formed during the Laramide orogeny are the huge asymmetrical folds, such as the Circle Cliffs upwarp and the San Rafael Swell. The general character of the folds with a northerly trend, gently dipping west flank, and steeply dipping east flank, suggests that the folds represent either flexing of the surface rocks over deep-sealed normal faults with downthrow toward the east, or are the result of compressive forces acting in an east-west direction. That such compressive forces were operative at this time in the region lying west of the area under consideration is unquestionable, as testified by thrust faults with overriding movement toward the east and anticlines overturned toward the east in the vicinity of Mt. Nebo, 44 and similar deformation on the western side of the Wasatch Plateau.
45 Folds overturned toward the east and thrust faults with the movement of the overriding block toward the east are also prominent features of the geologic structure of southern Nevada. Although the time at which these structural features in Nevada originated can not be precisely determined, some reasons have been given for assigning them to a late Cretaceous or early Tertiary period of orogeny.
4 ' Similarly, folding and faulting in the mountain ranges of western Colorado offer abundant evidence of compressive forces operating at this time during the uplift of the Rocky Mountains.
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• • Some features of the large anticlinal upwarps in the Plateau region suggest an origin of these folds as the result of the action of compressive forces rather than vertical movement over normal faults in the substratum. Not all of the hypothetical normal faults would be expected to have displacements in the same direction, if the faults were tensional features, and not all of the large monoclines, therefore, would be expected to slope in one direction. The low tensile strength of rock suggests the inference that fracturing under tension would result in the formation of numerous small, closely spaced, normal faults, instead of the few widely spaced faults that would be expressed at the surface by the principal monoclines. At the north ends of the San Rafael Swell and the Monument and Kaibab upwarps the eastfacing monoclines terminate by flattening as they swing westward around the ends of the upwarps, a condition which does not suggest a decrease in the amount of flexing of strata over a normal fault as the displacement of the fault decreases. The presence of subsidiary folds near the crests of some of the upwarps, and especially on the Monument upwarp, appear to be entirely in accord with a theory of origin involving compressive forces, but these folds probably could not have been formed if the crests of the upwarps were under tension as the result of vertical uplift over normal faults. It is therefore believed that the regional upwarps were not formed by vertical movement over deep-seated normal faults of a type that could be interpreted as representing tension in the earth's crust, but were formed by compressive forces.
These forces presumably acted in a general east-west direction, although the trends of the resulting folds range from northwest to northeast. So far as the writer knows, there are no satisfactory criteria to determine in this region whether the impelling stress came from the west or from the east. The conception of compressive stress applied from the west has been rather generally held and it is believed that this conception may be reasonably adopted for convenience of discussion.
If the existence of horizontal compression be accepted, alternative hypotheses may be advanced to account for the structural habit of the large upwarps. (i) The more competent basement rocks may have transmitted the stress for long distances and broken at a few lines of weakness, with resulting overthrust or steep reverse faults which did not extend to the surface but caused an arching of the less competent overlying sedimentary rocks; or (2) the basement rocks and the overlying sedimentary rocks may have been deformed by folding unrelated to thrust faulting. The writer is inclined toward the opinion that the greater part of the deformation in the sedimentary rocks is the result of arching of the strata above overthrust or steep reverse faults in the basement rocks. The subsidiary folds on the west limb of the Monument upwarp near the Utah-Arizona State line are similar to the major upwarps and possibly reflect subsidiary faulting in the basement rocks.
Some features of the upwarps may be considered as offering slight evidence that the upwarps originated as flexures over deep-seated reverse faults, although this evidence does not entirely preclude other theories of origin. The large upwarps are few in number and they are conspicuously larger, both in areal extent and structural relief, than other folds in the region; the principal deformation occurred along a few lines of weakness and the relative movement is in the same direction along each of these lines. The long, gently dipping west limbs of the upwarps are in general only slightly modified by subordinate folding, a condition suggesting the rotation of a block along a curved reverse fault and that the surface rocks in the block were not subjected to intense pressure. Minor normal faults on the crest of the San Rafael Swell might fit into this theory as tensional features developed during the uplift, although similar faults are rare on the crests of the other upwarps; the normal faults on the crest of the San Rafael Swell appear to be an extension to the west of the fault system developed in the desert south of Green River, and therefore to have a similar origin (see p. 1505)-If the upwarps were formed by rotational movement along reverse faults, the steep monoclinal belts forming the east limbs of the upwarps would be under tension and normal faults parallel to the strike might be expected. Gregory and Moore suggest the presence of a strike fault with downthrow toward the east along the East Kaibab monocline south of where it is crossed by Paria River," and a strike fault is present along the same monocline farther south where it crosses Colorado River in northern Arizona."
• Thrust faults of proved or possible posl-Cretaceous-pre-Tertiary age are present in the region on the west. A continuous zone of thrust faulting is not known to be present west of the entire area covered by the map-in fact, no thrust faults are known west of the greater part of the area, but it is possible that such faults are present in parts of this region where the geology has not been mapped in detail, or it is possible that in the latitude of the large upwarps the thrusts have been transmitted farther toward the east than in areas north and south of this latitude. According to the reverse fault theory of origin of the regional upwarps, it appears to be necessary to ascribe the San Rafael Swell and the Circle Cliffs upwarp to two distinct reverse faults, with the northern end of the Circle Cliffs "reverse fault" overriding the southern end of the San Rafael block. The folds at the southern end of the swell, which trend in a direction more or less transverse to the axis of the swell but are approximately parallel to the trend of the axis of the Circle Cliffs upwarp, could be interpreted as due to compression in front of the overriding block.
Another phase of the crustal. deformation, believed to be associated with the Laramide orogeny, that deserves brief discussion, is the origin of the unusual structural features in the region surrounding Moab. Because folds and faults of the type of the Salt Valley faulted anticline, Upheaval dome, and the Lisbon faulted anticline, are present only within the limits of the part of the state underlain by the Paradox formation (Fig. 3) , and because of the intimate relation of the formation to many of these structural features, it is clearly evident that the origin of most of these features has been more or less directly controlled by the thick series of relatively plastic salt-bearing beds in the Paradox formation. The initial folding of some of the anticlines occurred after the deposition of the Permian Cutler formation, but younger formations, including the Mancos shale, of Upper Cretaceous age, are involved in the principal folding and faulting; it seems probable, therefore, that lines of weakness developed during the earlier folding served to localize at least some of the subsequent folding. The principal folds in this area are compressed in a northeasterly direction and their axial trend is parallel to the belt of crystalline rocks of the Uncompahgre-San Luis highland in western Colorado, which was a land mass during Pennsylvanian, Permian, and part of Triassic time. 50 It seems evident that the rocks overlying the Paradox formation, and hence supported by relatively plastic rock, were crumpled against the buttress of crystalline rocks in the Uncompahgre-San Luis highland as a result of compressive forces associated with the Laramide orogeny; the resultant folds were oriented parallel to the buttress.
During the deformation of the region the salt-bearing beds of the Paradox formation were under considerable pressure. Because of the plastic nature of these rocks, they would tend to flow under the pressure, which would be transmitted, therefore, more or less as " A. A. Baker, C. H. Dane, and J. B. Reeside, Jr., "Paradox Formation of Eastern Utah and Western Colorado," Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 8 (August, 1933) . P-974-\
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hydraulic pressure, to all sides of the enclosing chamber. Locally, as at several places along the Salt Valley faulted fold, the pressure on the salt beds caused them to intrude the overlying rocks, perhaps at a late stage in the arching of the anticlines, forming elongate salt domes. Intrusion to a lesser degree probably occurred at this time also in Moab Valley, at Upheaval dome, and possibly in small domes along Colorado River below the mouth of Green River. Many of the small anticlines and synclines in this region probably represent minor buckling and adjustment, under compressive forces, of the rocks overlying the Paradox formation, without involving intrusion of the salt into overlying rocks, but accompanied by flow-age of the salt from beneath synclines into the upward arching anticlines. Subsequent erosion has weakened the roof locally over the salt beds and the pressure on the salt due to the weight of the overlying rocks in the adjacent region has caused the plastic salt to'arch and in some places to rupture the weakened cover. These features are particularly well shown in the vicinity of the junction of Green and Colorado rivers where the rocks along the canyon bottom are arched and locally ruptured, and the plateau surface adjoining the canyon of Colorado River has been lowered in very recent geologic time by both graben faulting and a downward sagging. Upheaval dome, which has been described by McKnight," is a sharp dome surrounded by a narrow ringlike synclinc. It appears to be a salt dome in which the salt has not been uncovered by erosion and a dome of the type produced experimentally and described by Nettleton."
The numerous small normal faults in the area between the crest of the San Rafael Swell and the Utah-Colorado State line are located principally within the area underlain l>y the Paradox formation. They may have been formed during a period of readjustment after the regional pressure had been relieved, or they may be related in origin to regional folding as developed toward the west and south of them, or, as seems most probable, they'may be evidence of strain in the block of sediments which overlies the plastic Paradox formation and which was compressed by a force directed from the west against the northwestward trending Uncompahgre highland.
DEFORMATION DURING TERTIARY
The crustal deformation that occurred during the Tertiary is of three types: (i) formation of the mountains of laccolithic origin, (2) normal faulting in a zone lying near and beyond the west boundary of the map, and (3) downwarping of the Uinta Basin. Whether these structural features are more or less contemporaneous in origin, or, if they are not contemporaneous, the relative order of their occurrence in the Tertiary structural history of the region, can not be determined because of the incomplete sequence of Tertiary strata. In the absence of evidence bearing on possible genetic relationship, it is necessary to treat the origin of these features as separate events, although it is recognized that there may have been a direct relationship between them, both in time and the nature of the crustal deformation which they represent.
The mountains of laccolithic origin in southeastern Utah include the Henry, LaSal, and Abajo mountains and Navajo Mountain. These mountain masses are similar in origin and structure and are believed to have been formed at the same time. However, they are 40-50 miles apart and have no obvious alignment which might suggest localization along lines of crustal weakness. Gould 61 has described the geology of the LaSal Mountains and, in discussing the origin of the mountains, he ascribes considerable importance to the rfile of erogenic stresses in controlling their formation. He cites the association of some of the laccoliths of the LaSal Mountains with anticlinal folds, such as the Spanish Valley and Salt Valley folds in Utah, and the Paradox anticline in Colorado, as evidence that compressive forces were operative at the time of intrusion. However, it is the writer's opinion, as presented on preceding pages, that these folds were formed during the Laramide orogeny and therefore antedated the laccolithic mountains by a period equal at least to the greater part of the Eocene. The folding or doming associated with all of the other laccolithic mountains in Utah is confined to the mountain masses and shows no relation to the surrounding regional structure that would suggest regional compressive stresses during the formation of the mountains. The regional upwarps have exhibited no evident control over the location of the different laccolithic mountain groups, as each group when considered as a unit is differently located with respect to regional upwarps. Navajo Mountain is located slightly west of the crest of a low fold that is a southern continuation of the Circle Cliffs upwarp. The Henry Mountains are located on the gently westward dipping flank of the Monument upwarp east of the syncline adjacent to the Water Pocket monocline. The Abajo Mountains are ** L. M. Gould, "The Geology of LaSal Mountains of Utah," Michigan Acad. Sci., Papers, Arts and Letters (1927), pp. 103-05. \ located in and immediately east of the syncline at the foot of the Comb monocline, which forms the east flank of the Monument upwarp. The LaSal Mountains are not associated with any of the large regional upwarps, but, as already mentioned, are in the midst of several smaller faulted folds. As pointed out by Gilbert, the local character of the uplift involved in the laccolithic mountains and the lack of any apparent relation of the structure of these mountains to the regional structure indicate that the doming of the strata overlying the intrusion is due to vertical upward pressure exerted by the intruding molten rock." The zone of Tertiary normal faults forming the west boundary of the plateau type of structure is the eastern limit of the normal faulting so common in the Great Basin. The normal faults at the eastern edge of the province, which in general have their downthrown side toward the west, but in part limit graben blocks, appear to accord with a hypothesis of regional uplift accompanied by a certain amount of collapse or sagging. 85 The great amount of erosion that has occurred in the Plateau region since the last thick Tertiary formations were deposited and the physiographic evidence of uplift afforded by the existence of remnants of old erosion surfaces prove that uplift has occurred in the region during several periods in the Tertiary, and it appears probable that at least part of the uplift in the Plateau region was contemporaneous with the uplift of the Great Basin on the west. The reasons for collapse with the development of normal faults in only part of the uplifted region are not clear, but the suggested coll.ipse toward the west may be related in some way to the vast amount of igneous activity, both extrusive and intrusive, which has occurred in that region. . The Uinta Basin appears to have been a relatively stable area during the Tertiary uplift that affected the region on the west and south. It may have risen, but to a lesser degree, during the uplift of the adjacent region, or there may have been slight downward movement during the general uplift.
